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P E E F A C E. 



The Author of the following Work being engaged in examining the Exmeridian 
Tables of Mr, Towson, the idea occurred to him that as there are many problems 
in Navigation and Nautical Astronomy, where minute accuracy is not required for 
practical purposes, and that as the Traverse Tables contain the computed values of 
right-angled plane triangles, and thus we are able to solve them to a certain degree 
of approximation, so Tables might perhaps be formed containing the computed 
values of right-angled spherical triangles, and thus we would also be able to solve 
them to a certain degree of approximation. Partly pursuant to this idea, and partly 
as a means of employing his leisure time, he commenced a series of spherical inve9* 
tigations and calculations, and in doing so observed the principle on which the 
Tables are founded ; by means of that principle it is unnecessary to compute all the 
parts of the triangles. 

The Tables are arranged particularly for the solution of the Great Circle problem, 
and the Author trusts that the methods by inspection, of finding the first course, 
latitude of vertex, longitude from vertex, and distance to any integral point on the 
great circle, where it may be desired to change the course, will be worthy of notice. 
By means of the diagram which the Author has devised, the latitude of vertex, and 
longitude from vertex — and thence the courses can be found with the same facility 
as by the excellent Tables of Mr. Towson ; but in the Author's opinion the method of 
finding the first great Circle Course by inspection, is even more simple than the middle 
latitude, or Mercator's method of finding the Chart Course by inspection. With 
regard to the degree of dependence to be placed upon it, by means of a very exten- 
sive induction, the Author has arrived at the conclusion, that for any difference of 
longitude large enough (say 15°, and in many instances less,) to make great circle- 
sailing worth attending to, the method may be depended upon generally to less than 
one-eighth of a point ; in some instances when the difference of longitude is small and 
the latitude high, the course may be erroneous nearly one-quarter of a point ; but 
this will not happen with more than 15° difiPerence of longitude and less than 60° of 
latitude, which may therefore be taken as the limit : as a general rule, the ** lat." or 
" latitude" at the bottom of the Tables should never be less than 7°. 

In the absence of the Author, the work will be published under the superintend- 
ence of Mr. Edward Temple, of Blyth, Teacher of Navigation and Nautical 
Astronomy. 

Blyth, March i^th, 1857. W. C. Bergen. 

Analytical Investigation of the Principle in (33). 

A C B, A H G are two right-angled spherical triangles having the right angle at 
B and G respectively. 

A G = C E = complement A C. 
Angle A is the same in both triangles. 

Proof that angle H = complement B C. Proof that G H = complement angle C. 

cos H = cos A G . sin A tan G H = sin A G . tan A 

= cos C E . sin A = sin C E . tan A 

= sin A C . sin A = cos A C . tan A 

= sin B C = cot C 

Therefore H = complement B C. Therefore G H = complement C* 
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The principle in (33) may be easily deduced from the complementary 
triangles A CB, EC F. 

For the angles at C are equal, and A B, F E, are respectively the comple- 
n^ents, of B P, E D, 
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DEFINITIONS. 

I. A SPHERE is a solid, conceived to be generated by the revolution of a semicircle 

about its diameter. 

PAGi 2. A boy's ball or marbles, cannon-balls, common musquet-shot, drops of rain, 

5 are so many examples of spheres ; many roots and fruits are of a nearly spherical 

form, for instance, oranges and apples ; and if we cut such an object into two parts 

g perfectly flat, the section will be a circle, and if this section pass through the centre 

of the sphere, it is called a great circle, it being the largest that can be described ; 

g if the section does not pass through the centre, it is called a small circle. 

3. The earth we inhabit is shown, by the researches of astronomers, to be of a 
9 spherical form ; and it seems to be placed in the centre of an immense hollow 

sphere, having the centre of the earth for its centre, and apparently revolving round 
16 the earth once in twenty-four hours, and carrying the sun, moon, and stars with it 

in its revolution. 

4. To point out the position of objects on the surfaces of the earth, and apparent 
concavity of the heavens, with respect to each other, astronomers suppose certain 
points, lines, and circles to be described. 

5. Thus that point in the heavens near the polar star, and around which the 
celestial sphere seems to revolve, is called a pole ; if a straight line be conceived to 
be drawn from it, through the centre of the earth, and limited by the opposite side 
of the celestial sphere, it is called the axis, and its extremities, the poles of that 
sphere. The portion of the axis of the celestial sphere, intercepted by the surface 
of the earth, is called the axis, and the points where it is intercepted, the poles of 
the earth. 

6. Great circles, which pass through the celestial poles, are called celestial 
meridians, or circles of right ascension, and the corresponding great circles passing 
through the poles of the earth, are called terrestrial meridians. 

7. The great circle equidistant from the celestial poles, is called the equinoctial, 
and the corresponding great circle equidistant from the terrestrial poles, is called the 
equator. 

8. Small circles parallel to the equator are called parallels of latitude. 

9. The point in the celestial spiiere, directly over the spectator's head, is called 
the zenith, and the opposite point under his feet the nadir. 

10. Great circles passing through these two points are called vertical or azimuth 
circles. 

11. The horizon is that great circle equidistant from the zenith and nadir; and 
it is parallel to that circle which bounds the view of the spectator at sea, and which 
is called the sensible horizon. 

J 2. A meridian passing through any place is called the meridian of that place. 

13. A meridian passing through some remarkable place is chosen as the one from 
which the others are reckoned, and it is called the first meridian. 

14. The longitude of any place may be defined to be the arc of the equator, in- 
tercepted by the first meridian, and the meridian passing through the place. 

15. The difference of longitude between two places may be defined to be the arc 
of the equator, intercepted by the meridians passing through the two places. 
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PEINCIPLE AND CONSTRUCTION OF THE DIAGRAM. 



1 6. The latitude of a place is the portion of the meridian passing through it, in- 
tercepted between the equator and the place. 

17. It is a principle that every great circle divides every other great circle into 
two equal parts, hence the equator bisects every other great circle. 

18. That point in any great circle midway between its points of intersection with 
the equator, is called its vertex. 

19. The meridian passing through the vertex is called the meridian of vertex. 

20. The portion of the meridian of vertex, intercepted by the vertex and the 
equator, is called the latitude of vertex. 

21. The arc of the equator intercepted by the meridian of vertex, and the 
meridian passing through any place, is called the longitude from vertex of that 
place. 

22. The arc of the horizon, intercepted by the meridian passing through the 
zenith, and the vertical circle passing through any object, is called the azimuth of 
that object. 

23. The vertical circle which is at right angles to the meridian passing through 
the zenith, is called the prime vertical. 

24. The amplitude of an object, is the arc of the horizon intercepted between the 
prime vertical and the object at rising or setting. 

25. The altitude of an object is the arc of the vertical circle, intercepted by the 
object and the horizon. 

26. The meridian distance of an object is the arc of the equinoctial, intercepted 
by the meridians passing through the zenith and the object. 



PRINCIPLE AND CONSTRUCTION OF THE DIAGRAM. 

27. In the annexed figure let C, the centre of the primitive P E L R, be the 

projection of a point on the earth's 
equator, P L that of the meridian pass- 
ing through the point, and E R that of 
the equator, and let P be the nearest 
pole, P »* L, P » L meridian circles 
equally inclined to the primitive ; then 
it is evident that P L bisects the angle 
mTn, and therefore mFn is double of 
CP». 

Again, let a greatfcircle E A R be 
drawn through E R, cutting P »i, PL, 
P ^ in the points y, A, z, and through 
y z let the parallel of latitude p y x z 
be drawn. 

Now if the quadrant P C E be con- 
ceived to turn round the radius PC 
(which remains fixed), and placed on the 
quadrant PCR, the projections of the 
one will fall on the equal projections of 

the other, and will coincide with them ; P m will therefore coincide with P w, A E 

with A R, j9 a; with x, and the point y with z. 

Now A is the vertex of the great circle EAR (18), PL is the meridian of 

vertex (19), AC is the latitude of vertex (20), and CP« measured by Cw, is the 

longitude from vertex of the point z (21). 

28. Hence when two places are given on the same parallel of latitude, to find the 
latitude of vertex, and longitude from vertex, let C « be equal to half the difference 
of longitude, and x part of the parallel of latitude passing through the places, with 
a pointed instrument trace up me meridian P w, and with another trace along the 
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parallel o x, until the curves meet in the point z, then trace the great circle R 2r A 
passing through z, until it meets the meridian of vertex in A ; then C A is the lati- 
tude of vertex, and C w is the longitude from vertex. 

29. Again, if the places are on the same side of the equator, and in different 
latitudes ox,rq\ let Pw, P^, P^, be meridians equidistant from each other, and 
C s equal to half the difference of longitude ; with the right hand trace up the 
meridian P *, until it cuts the lowest latitude r q^ then with the left hand trace it 
up again, until it meets the highest latitude ox, then trace the lowest latitude to the 
right hand, and the highest to the left, being careful to move an equal number of 
degrees on each side of the meridian P*, until the curve of a great circle pass 
through both points, let these be z u, and \etB,uz A be the great circle ; then A C 
is the latitude of vertex, C w is the longitude from vertex of z, and C t that of u, 

30. It is evident that if y be the place of the ship, and u that of her destination, 
or conversely, the meridian of vertex falls between them, and that m n added tont 
is the difference of longitude ; but C w is the half of m n, and therefore twice C n 
added to n t, is equal to the difference of longitude. Now ns is the half of n t, and 
when twice C * is considered as the difference of longitude, when the hand is moved 
to the left from s to n, twice ns is taken from the difference of longitude, but the 
other hand being moved from s to t, they are distant from each other n t, which is 
equal to twice n s, and n t being added to twice C n the difference of longitude is the 
same as at first. 

31. Again, if z be the place of the ship, and u that of her destination, or con- 
versely, then the meridian of vertex falls without them, and ntis their difference of 
longitude, and n s half their difference of longitude. Let C H be equal to n s, and 
let PH be traced up as before, then in this case, the left hand will meet the 
meridian of vertex without meeting the great circle, and the right hand must be 
moved until it is at a distance from the meridian of vertex, equal to the difference 
of longitude, and both hands being then moved equally, until they arrive at the 
points z and «, where the great circle passes through them ; then as before, A C is 
the latitude of vertex, and C n or C ^ the longitude from vertex. 

32. To meet the case of the places being on different sides of the equator, con- 
ceive the opposite pole of the primitive to be taken as the projecting point, and equal 
circles to be projected on the lower right hand quadrant L C R, and it being turned 
on the radius C R, it will fall on the quadrant PC R, and the projections of the one 
will coincide with the equal projections of the other ; and if the places are in equal 
latitudes z z\ then n R will be half the difference of longitude, C n half its supple- 
ment ; hence by taking the supplement of the difference of longitude, and proceeding 
exactly as in the other cases, the latitude of vertex A C or A* C, and the longitude 
from vertex Cn or Ct will be found. 

Note, — The diagram is drawn to a radius of 16 inches, and to every degree of 
inclination to the primitive, and also of latitude ; every fifth degree is numbered, 
and drawn stronger than the others, and in order still farther to distinguish them, 
the alternate degrees between them are dotted. Underneath the equator line the 
degrees from the meridian of vertex are numbered, thus showing the longitude from 
vertex, and the half difference of longitude ; and under this again these numbers are 
doubled, indicating the difference of longitude ; and to obviate the necessity of 
taking the supplement of the difference of longitude, in the case of the places being 
on different sides of the equator, a third line of numbers is given, containing the 
difference of longitude reckoned from the point R, where the ship crosses the 
equator. 
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PRINCIPLE AND CONSTRUCTION OF THE SPHERICAL TABLE. 

Theorem. 

33. If the complements of the hypothenuse and base of a right-angled spherical 
triangle be taken as the base and hypothenuse of another to the same angle, the 
perpendicular of each triangle is equal to the complement of the arc, which measures 
the remaining angle of the other triangle. 

Let A D O R be the primitive, F its centre, A D R perpendicular diameters, 

and let L be the pole of A E 0, a great 
circle cutting the primitive at any angle 
in A, and intersecting D R in E ; let any 
diameter B C F N be drawn, cutting 
A E O in C ; then A C B is the projection 
of d, right-angled spherical triangle, having 
the right angle at B ; A is the pole of the 
great circle D R, therefore A E, A D are 
quadrants, and C E, B D are the comple- 
ments of A C, A B. 

Let A H be taken equal to B D, and 
AG to CE, then EH will be equal to 
A B, and D G to AC ; let a great circle 
G H P pass through the points G H ; then 
AHG will be a right-angled spherical 
triangle, having the right angle at G. 

Now the angle G being a right angle, 
B F, G F, and D F, pass through the pole 
of the primitive, that is the point F ; then B F, G F, and D F are quadrants. 
Again, let K L and M L be arcs of the great circles of which C and H are tho 
poles, let them meet B N, G P in N and P ; then A E O passing through the poles 
of these circles, they will pass through its pole L ; hence, C K, C N, H M, H P, 
£ L, K L, and M L are quadrants, and the angles at N and P are right angles. 

Again, because A E, C K are quadrants, take away the common part C E, and 
A C will be equal to E E, but it has been shown that D G is equal to A C, there- 
fore D G is equal to E K. 

Now D G is the measure of the angle D F G, and therefore of its opposite vertical 
angle L F P, and E K is the measure of the angle F L N, therefore the angle L F P 
is equal to the angle F L N. 

In the same manner, A E, H M being quadrants, take away the common part 
E H, and A H is equal to E M, but A H is equal, to D B, therefore D B is equal to 
E M. Now D B is the measure of the angle D F B, and therefore of its opposite 
vertical angle L F N, and E M is the measure of the angle F L P, and therefore the 
angles L F N, F L P, are equal. 

Hence there are in the two spherical triangles L F P, L F N, two angles, L F P, 
F L P in the one, equal to two angles F L N, L F N in the other, and one side L F 
common to both, and the third angle in each, namely P and N is a right angle ; 
therefore the other sides of the triangles shall be equal, each to each, and shall have 
the equal sides opposite to the equal angles in each, namely FN, to L P, and FP, 
toLN. 

Now B F, C N, are quadrants, take away the common part C F, and B C is equal 
to F N, but F N is equal to L P, therefore B C is equal to L P, and L P is the 
complement of PM, which .is the measure of the angles at H, therefore the perpen- 
dicular B C is equal to the complement of the measure of the angles at H. 

In the same manner, G F, H P are quadrants ; take away the common part H F, 



GEEAT-CIRCLE SAILING. 9 

and G H is equal to F P, which is equal to L N, the complement of N K, the mea- 
sure of the angles at C, therefore the perpendicular G H is equal to the complement 
of the measure of the angles at C. 

34. Hence if the hypothenuse A C and angle A be given, and the base A 6 and 
perpendicular B C be calculated, and the complements of A C and A B be taken as 
the base and hypothenuse of another right-angled triangle, to the same angle, and 
the perpendicular G H be also calculated, and the results arranged in a tabular form 
as under : — 

Angle A = 20°. 





AC 


AB 


BC 


GH 










Hypothenuse. 


Base. 


Perpendicular. 


Co. Ang. 













t . 


1 


t 


» 


» 






12 


II 18 


4 5 


19 36 


78 


78 42 










Co. Ang. 


Perpendicular 


Base 


Hypothenuse 










BC. 


GH. 


CE. 


BD. 





There is given at one view the values of the hypothenuse, base, as also that of their 
complements and respective perpendiculars, and complements of their angles. 

In the construction of the Tables, they have been calculated to every d^ree of 
angle, and also of arc, until C E is equal to, or next less than A B, then the com- 
plements of A C and A B are taken. Again, when tlie perpendicular B C has been 
calculated to angle A, and hypothenuse A C, its equal F N has been taken as the 
perpendicular of another triangle LFN, with a hypothenuse LF, equal to the 
measure of angle A, and an angle F L N, equal to the measure of the hypothenuse 
AC. 

In a similar manner, G H has been found from its equal F P, being the base of 
LFP. 

These Tables are of very easy application to many important problems in Navi- 
gation and Nautical Astronomy, where minute accuracy is not required for practical 
purposes; such as amplitude, azimuths, to find the sun's altitude, and meridian 
distance when on the prime vertical, and semidiurnal, and seminocturnal arcs ; they 
are particularly adapted to the problem of great-circle sailing. In all the pre- 
ceding problems the required quantities are taken out by inspection, without any 
reduction ; the manner of using the Tables will be explained when they are applied 
to the solution of the various problems. 

GREAT-CIRCLE SAILING. 

35. Great-circle sailing is the art of sailing on the arc of a great circle. It is 
founded on the principle that the shortest distance between any two points on the 
earth's surface is the arc of a great circle passing through, and intercepted by, 
them. 

35. In great-circle sailing there are given the latitudes and longitudes of the ship 
and her destination, and hence the colatitudes and difference of longitude, being the 
two sides and the included angle of a spherical triangle ; to find the third side, and 
one of the other angles, which are respectively the distance between the ship and her 
destination, and the first great-circle course. 

37. We shall consider the subject in four cases, ist. When the places are on the 
same side of the equator, and the difference of longitude is less than 90^. 2nd. 
When the places are on the same side of the equator, and the difference of longitude 
is greater than 90^. 3rd. When the places are on different sides of the equator, 
and the difference of longitude is less than 90°. And 4th. When the places are on 
different sides of the equator, and the difference of longitude is greater than 90°. 
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38. To facilitate the solution of this and other problems, Z A and its supplement 
are marked Latitude of Vertex, and Difference of Longitude, at the top of the 
Tables ; and the complement of Z A is marked Latitude at the bottom ; the hyp. 
A C is marked Long, from Vert, at the top, and D B the same at the bottom ; A B 
is marked Dist. from Vert, at the top, and C E the same at the bottom ; B C is 
marked Course at the top, and Lat. at the bottom ; and G H is marked Lat. at the 
top, and Course at the bottom ; so that all the required quantities can be taken out 
at once. 

For if F in the figure in (33) be the projection of a pole of the earth, then the 
primitive A D O R is that of the equator, A C £ is a great circle inclined to it at an 
angle equal to A ; let H be the place of the ship and C that of her destination on 
that great circle, or conversely; then E is the vertex (18), FD is the meridian of 
vertex (19), DE the measure of /_ A is the latitude of vertex (20), DG = AC 
(33) is the longitude from vertex of H (21), EH = AB (33) is the distance from 
vertex, G H is the latitude of ship (16), and B C is the complement of the angles at 
H (33), which are equal to the first great-circle course. 

39. As the course is always given to the steersman, to the nearest i point, when 
it is found in degrees, it is necessary to refer to a Table, containing the degrees to 
each i point ; but if the complements of those degrees are given in the Table, the 
course in points can be found from them in just the same manner. Table I. contains 
the degrees and their complements, which are called courses, to each J point. 

40. Case I. When the places of the ship and her destination are on the same side 
of the equator, and the difference of longitude is less than 90°. 

41. To find the first great-circle course by diagram. Find the latitude of vertex, 
and longitude from vertex, by the appropriate rule (28) or (29), enter the spherical 
table with these quantities, and take out the corresponding course. 

Example. 

Given the latitude of Cape Wrath 58° ^8' N, long. 4^ 58' W, and the latitude 
of the outer edge of the great bank of Newfoundland, 45° 36' N, long. 48° 45' W. ; 
required the respective first great-circle courses ? 

By (29). The latitude of vertex is 59° ; long, from vert, of Cape Wrath 9°, 
with which the course from Cape Wrath is found to be 7° 42'; the long, from vert, 
of the bank is 53°, and the course 43° 12'. 

To know which pole the course is reckoned from observe the following rules : — 

1. When the meridian of vertex falls between. the s»hip and her destination (30), 
the course is towards the pole. 

2. When the meridian of vertex falls without both the ship and her destination 
(31), the course is N or S according as the place of destination is N or S. 

In the preceding example, the meridian of vertex falls without both the ship and 
her destination ; hence the course from Cape Wrath is S 7° 42' W, or by Table I, 
S 7i points W ; and the course from the banks is, N 43° 12' E, or N. 4i pts. E. 

Note I i — In every case the course is east or west, as the place of destination is 
east or west. 

Note 2, — When the word pole is used in this work, the pole nearest the ship is 
meant, unless otherwise expressed. 

42. These Tables afford a very easy method of finding the first great-circle 
course, independent of a diagram, for they contain the values of the parts of a right- 
angled spherical triangle, to every degree of arc and angle ; hence with one of the 
colatitudes, and the angle at the pole, we may find the perpendicular and base, then 
with th^ difference between the base and the other colatitude, and the perpendicular, 
find the course ; but the complements of some of these quantities being given in the 
Tables ; hence we have the following rule (38). 

43. With the difference of longitude, and latitude of destination, as distance from 
vertex, find the longitude from vertex, and latitude ; with Lat. as latitude at the 
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bottom of the Tables, and the difference of longitude from vertex, and latitude of 
ship, as distance from vertex, find the course. 

Taking the preceding example : — 

o / 

Long. Cape Wrath . . 4 58 W. 
Long. Banks . . . , 48 45 W. 

Diff. long. = 43 47 
To find ike course from Cape Wrath, 

Of O * O t 

Lat. destin. 45 30 N. Long, from vert. 54 16 Lat. 29 25 
Diff. long. 43 47 Lat. ship . . 58 38 Course 7 52 

Diff. 4 22 S 7iW. 

To find the course from the Banks, 

Of Of 01 

Lat. destin. 58 38. Long, from vert. 66 38. Lat. 20 58 

GO 

Diff. long. 43 47. Lat. of ship . 45 30. Course 43 4 



Diff. =21 8 or N 4i E. 

1 . If the longitude from vertex is less than the latitude of ship, the course is from 
the nearest pole. 

2. If the longitude from vertex is greater than the latitude of ship, the course is 
towards the pole. 

To find the Distance. 

44. To the cotangent of the latitude of destination, add the cosine of the differ- 
ence of longitude, the sum will be the cotangent of an arc, which call Arc. i . 
Alwayis less than 90°. 

Take the difference between Arc i and the latitude of the ship, and call it 
Arc. 2. 

To the sine of the latitude of destination^ add the cosecant of Arc i and the 
cosine of Arc. 2, the sum will be the cosine of the distance ; which in this case is 
always less than 90°. 

Taking the preceding example : — 

o ' 

Lat. destin. 45 3a Cot 9*992420 Sin 9*853242 

Diff. long. 43 47 Cos 9-858514 

Arc I. . 54 39 Cot 9-800934 Cosec 0*088505 

Lat. ship .58 38 

Arc. 2 . . 3 59 Cos 9*998950 

Distance .29 i6 Cos 9*940697 
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45. Case 2. When the places of the ship and her destination are on the same 
side of the equator, and the difference of longitude is greater than qo'^. 



Example. 

Given, Rio Janeiro in lat. 22° 54' S, long. 43° 16' W; and Cape Leeuwin in 
lat, 34° 20' S, long. 115° 7' E; to find the respective first great circle courses. 
Proceed as in (41). In this case the course is always towards the pole. 



Long. Rio . 
Long. Cape 



. 43 16 W. 
.115 7 E. 



Diff. long. 158 23 
Note, — The difference of longitude and latitudes is taken to the nearest degree. 

4 

Solution hy Diagram, 

With diff. long. 158°, and latitudes 23° and 34°, the latitude of vertex is found 
to be 71°; long, from vert, of Rio, 82°; course 69° 30' == S il E; and the long, 
from vert, of the Cape 77°; course 67° 12' = S 2 W. 



By Inspection from Rio, 

O / Q t 

Lat. destin. 34 20 Long, from vert. 36 o 

+ 
Diff. long. i;8 23 Lat. of ship . 22 54 



o / 
Lat. 18 6 

Course 69 14 



Sum . 58 54 or S i| E. 



o f 
Lat. destin. 22 54 

Diff. long. 158 23 



From Cape Leeuwin, 

o / 
Long, from vert. 24 o 

4- 
Lat. ship . . 34 20 



Sum 



. 58 20 



O ' 

Lat. 20 16 

Course 66 46 
or S 2 W. 



In this case the sum, instead of the difference of longitude from vertex and lati- 
tude of ship, is taken. The course is always towards the pole. 

46. To find the distance, proceed as in (44) with the exception of taking the sum 
of Arc I , and the latitude of ship for Arc 2 ; and to know whether the distance is 
greater or less than 90^ observe the following rules : — 

1. When Arc 2 is greater than 90°, the distance is less than 90°. 

2. When Arc 2 is less than 90°, the distance is greater than 90°. 
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Lat. destiu. 
Diff. long. 


34 
158 


20 
23 


Cot 
Cos 


0-165575 
9*968329 


Sin 9.751284 


Arc I. . 
Lat. ship 


3^ 
+ 
22 


18 
54 


Cot 


o' 1 33904 


Cosec 0*227669 


Arc. 2. • 


59 


12 






Cos 9*709306 


Distance 


119 


12 






Cos 9*688259 



Arc 2 is less than 90®, therefore the distance is greater than 90°. 
47. Case 3. — ^When the places are on opposite sides of the equator, and the dif- 
ference of longitude is less than 90^. 

Example. 

Given St. Agnes* Light, in lat. 49° 54' N, long. 6° 21' W, and the entrance of 
the River Goyana, in kt. 7° 31' S, long. 34° 47' W; required the respective first 
great-circle dourses ? 

Proceed by (32) and (41). In this case the course b always from the pole. 



Long. St. Agnes . 
Long. Goyana 



. 6 21 W. 

• 34 47 W. 



Diff. long. 



28 26 



Solution by Diagram. 

Latitude of vertex is 70°. Long, from vert, of St. Agnes, 65°; course 58° 14' 
S 2f W. Long, from vert, of Goyana 87°, Course 69° 46' = N, if E. 

3y Inspection from St. Agnes. 



Lat. destin. 7 
Diff. long. 28 



31 S. Long, from vert. 9 o Lat. 27 42 

4- . 

26 Lat. ship . . 49 54 N. Course 58 11 

Sum . 58 54 or S 2| W. 



Lat. destin. 49 54 N. 
Diff. long. 28 26 



From Goyana. 

Long, from vert. 

+ 
Lat. ship 



o / o / 

53 28 Lat. 17 34 
7 31 S. Course 69 37 



Sum . . 60 59 or N i| E. 



In this case, the sum of longitude from vertex, and latitude of ship is taken ; the 
course is always from the pole. 
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GREAT-CIRCLE SAILING. 



48. To find the distance, proceed as in (46), to know whether the distance is 
greater 6t less than 90°, we have the following rules : — 

1 . When Arc 2 is greater than 90°, the distance is greater than 90°. 

2. When Arc 2 is less than 90°, the distance is less than 90°. 



Lat. destin. 7 31 

Diff. long. 28 26 

Arc I . • 8 32 

+ 

Lat. ship . 49 54 



Cot o'879596 
Cos 9' 944172 



Sin 9' 1 16656 



Cot 0*823768 Cosec 0-828611 



Arc 2 . . 58 26 
Distance .62 31 



Cos 9*718909 
Cos 9*664176 



Arc 2 is less than 90°, therefore the distance is less than 90°. 
49. Case 4. — When the places are on opposite sides of the equator, and the dif- 
ference of longitude is greater than 90°. 

Example. 

Given, Cape Byron in lat. 28° 38' S, long. 153° 37' E, and Isabella Island in 
lat. 21° 51' N, long. 105° 56' W, to find the respective first great circle courses? 

Proceed as in (47). To know the pole the course is reckoned from, observe the 
following rules : — 

1. When the meridian of vertex falls between the ship and her destination ; if 
the ship be nearer to the meridian of vertex than to the equator, the course is 
towards the pole ; if she be nearest the equator, the course is from the pole. 

2. When the meridian of vertex falls without the ship and her destination, the 
course is from the pole. 

O f 

Long. Cape Byron . . 153 37 E. 
Long. Isabella Island . 105 56 W. 

259 33 

360 



DifF. long. . 



100 27 



Solution hy Diagram. 

Latitude of vertex is 33°. Long, from vert, of Cape Byron, 30°. Course 
15° 48' = N 6i E. Long, from vert, of Isabella Island 50°; course 24° 40' = 
S5f W. 

By Inspection from Cape Byron, 



Lat. destin. 21 51. 
Diflf. long. 100 27 



Long, from vert. 67 o 
Lat. ship . . 28 38 



Lat. 65 43 
Course 15 29 



Diff. 



38 22 or N 6i E. 
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From Isabella Island. 

O / Of Of 

Lat. destin. 28 38 Long, from vert. 72 36 Lat. 59 28 

Diff. long. 100 27 Lat. ship • . 21 51 Course 25 2 



Diff. . 50 45 or S 5i W. 

In this case, the difference of longitude from vertex and latitude of ship is taken. 
To know which pole the course is reckoned from, observe the following rules : — 

1 . When the longitude from vertex b greater than the latitude of ship, the course 
is from the pole. 

2. When the longitude from vertex is less than the latitude of ship, the course 
is towards the pole. 

50. To find the distance, proceed as in (44). 

o / 

£at. destin. 28 38 Cot 0*262829 Sin 9*680519 
Diff. long. 100 27 Cos 9*258583 

Arc I . . 71 ' 37 Cot 9*521412 Cosec 0*022749 

<x> ■ 

Lat. ship . 21 51 

Arc 2 . 49 46 Cos 9*810167 

Distance .109 2 Cos 9 '513435 

In this case the distance is always greater than 90°. 

51. To find the distance between any two points on the great circle, where it may 
be desired to change the course. 

In the figure in (33), let H be the ship's place, and C a point where it may be 
desired to change the course ; then D G is the longitude from vertex of H, and D B 
that of C ; E H is the distance from vertex of H, and E C that of C, and H C- their 
difference is the distance of H and C ; hence we have the following rule : — 

With the latitude of vertex, and longitude from vertex of the ship's place, and the 
place where it is intended to change the course, find the respective distances from 
vertex, the difference of which will be the required distance. 

Examples. 

I. Given, the latitude of vertex 53°, and longitude from vertex 26°; required the 
distance to another point 5° of longitude farther from the meridian of vertex ? 

Lat. of vert. 35°, and long, from vert. 26°, give dist. from vert. = 16 22 
Ditto ditto 31° ditto = 19 53 

Difference = distance = 2 21 

60 



In miles =211 
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2. Given, latitude of vertex 6i°, and longitude from vertex, respectively 55° i8', 
and 59° 59' ; required the distance? 

o / 

Lat. of vert. 61°, and long, from vert. 55° 18', g^ve dist. from vert. = 35 o 
Ditto ditto 59° 59' ditto = 40 o 



Difference = distance =50 

60 



In miles = 3cx> 



These two examples show the manner of finding the distance between the two 
points, according as the course is found at the top or bottom of the Tables. 

52. When a ship has a foul wind; ascertain the first great-circle course by the 
appropriate rule, and put the ship on the tack on which she lays nearest to it. 

53. It often happens that the vertex of the great circle is in a latitude too high 
to be navigated ; in that case, fix on a latitude as the highest the ship is intended to 
attain, and call it the latitude of vertex ; in the Table corresponding to this latitude 
of vertex, and adjacent to the latitude of the ship, is the course, proceed thus until 
the ship attains the latitude of vertex, on the parallel of which the vessel must sail 
until the difference of longitude between her place and destination is equal to the 
longitude from vertex, as given opposite to the latitude of destination, and then she 
must proceed on the arc of a great circle. 



REMARKS ON THE METHOD BY INSPECTION. 

54. When the angle at the pale is large, that is, when the difference of longitude 
is near 90°, it will sometimes happen that the longitude from vertex, as found by 
that method, will differ greatly from the truth, but §till the course will be nearly 
correct; for instance in L 88°, with AC = 2°, AB = 0° 4', being a large differ- 
ence ; again with ^ 89°, and AC = 2°, A B = 0° 2', being a much larger dif- 
ference, hence when the difference of longitude falls between the two, whichever may 
be taken, the longitude from vertex will be sometimes erroneous several degrees. 

But while the difference between the hypothenuse and base to two successive large 
angles increases rapidly and irr^ularly until it attains its greatest, which happens 
when C E = A B, and then decreases as rapidly and irregularly ; the difference 
between the perpendiculars to the same hypothenuse to two consecutive angles will 
never exceed a degree ; thus in the following Table : — 







L 88° 


Z 89° 








Hypothenuse. 


Perpendiculars. 


Perpendicular. 


Difference. 






r 


' 


1 


1 






I 


I 


I 









40 
80 

89 2 
89 58 


39 58 

79 48 

87 46 

88 


40 

79 57 

88 37 

89 


2 
9 

51 

1 
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Hence the perpendicular, or as it is called in the Tables, the latitude, to any 
hypothenuse, or colatitude, and thence to any distance from vertex, or latitude, can 
be determined to the nearest degree ; thus in the following Table : — 





L 89° 


L 88° 




L 89° 


L 88° 




Dist. from Vert. 


Long Vert. 


Long Vert. 


Difference. 


Latitude. 


Latitude. 


Difference. 


o / 


» 


r 


\ 


r 


1 


% 


O 2 


2 


I 


I 


89 


88 


I 


I I 


45 30 
63 30 


27 


18 30 


88 37 


87 45 


52 


2 O 


45 


18 30 


^1^6 


87 10 


36 


3 45 


75 10 


62 


13 10 


86 6 


85 45 


21 


lO o 


84 21 


78 48 


5 33 


79 57 


79 48 


9 


40 


88 49 


87 37 


I 12 


49 59 


49 58 


I 


70 


89 38 


89 16 


22 


20 


19 59 


I 



It appears, by the preceding Table, that the greatest proportionate difference be- 
tween the longitudes from vertex takes place when the distance from vertex is small, 
and that the greatest difference in this case is 18° 30', the latitude at the same time 
being about 87"* or 88'. Now turn over to latitude 87° or 88°, and it will be fomid 
that the course there varies so slowly, that an error of 19° longitude from vertex 
only causes an error of 56' in the course in the extreme case. Again, with distance 
from vertex 10°; the longitudes from vertex differ 5° 33', latitude being 80', with 
this latitude an error of & in longitude from vertex will only cause an error of 52' 
in the course, in the extreme case. And in the same manner the induction may be 
extended to every case, and it will be found that the greatest error in the course does 
not amount to 1°. 

As an inductive proof of the closeness of the approximation, the Author may 
mention that he has tested the method by solving upwards of 70 different courses, 
including all those in Messrs. Baper's and Towson's works, and in only one instance 
does the course so found differ from a rigid spherical calculation, by so much as 
59' that is not 1°, or considerably less than -^ of a point. 

55. To find the latitude of vertex, and longitude from vertex, by inspection — 
The first great circle course is the angle, and the colatitude of ship is the hypo- 
thenuse of a right-angled spherical triangle, the perpendicular of which is the com- 
plement of the latitude of vertex, and the other angle is the longitude from vertex ; 
but it is the complement of the angle that is found in the Table ; hence we have the 
following rule : — 

56. With the first course as latitude, at the bottom of Table XL, and the latitude 
as distance from vertex, find the latitude and course, which are respectively the com- 
plements of latitude of vertex and longitude from vertex. 



Examples. 

In the example in (41), the latitude of Cape Wrath is 58° 38', and the first course 

7° 52'. 

With the nearest latitude at the bottom of the Table, 8°, and nearest distance 

from vertex 59°, the latitude is 30° 40', and course 80° 41'. 



Latitude 30 40 

90 



Course 80 41 
90 



59 20 = lat. of vert. 



9 19 = long, from vert. 
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Again, the latitude of the banks is 45^ 30', and the first course 43^ 4'. 

With latitude 43°, and distance from vertex 45°, the latitude is 31° 9', and course 

37° lo'- 

•" O • Of 

Lat. 31 9 Courses 37 10 

90 90 

58 51 = lat. of vert. 52 50 = long, from vert. 



57. To find the sun's altitude and meridian distance, when on the prime 
vertical. 

In this problem are given the latitude of ship, and sun's declination, being the 
angle and perpendicular of a right-angled spherical triangle to find the hypothenuse, 
which is equal to the sun's altitude, and the complement of the base, which is equal 
to the meridian distance. 

To facilitate the solution of this problem, angle A in (33) is headed Latitude for 
Sun's Alt., and Mer. Dist. on Prime Vertical, the perpendiculars are marked Dec, 
as far as necessary, the hypothenuse is marked Alt, and the complement of the base 
is given in time, and marked Mer. Dist. 

Hence the following rule. Enter Table IT. with the latitude of ship, and sun's 
declination, corresponding to which is the sun's altitude and meridian distance. 

Note. — In this problem the latitude and declination must be of the same name. 



Example. 

Given, latitude of ship 48° 17' N, and sun's declination 20° 15'N; reqiyred the 
sun's altitude and meridian distance ? 

With nearest latitude 48°, and nearest declination 20° 25', the altitude is 28°, and 
meridian distance 4h. 42m. 

58. To find the sun's true amplitude. 

In this problem are given the latitude, and thence the colatitude of ship and the 
sun's declination being the angle and perpendicular of a right-angled spherical 
triangle, to find the hypothenuse, which is equal to the amplitude. 

To facilitate the solution of this and the next problem, the complement of 
angle A is marked Latitude for Sun's Amp. and Mer. Dist. on the horizon ; and 
the hypothenuse is marked Amp. Hence the following rule. With the latitude of 
ship and sun's declination, take out the corresponding Amp. 

Example. 

Given, the latitude of ship 21° 15'N, declination 19° 18'; to find sun's am- 
plitude ? 

With nearest latitude 21°, and nearest declination 19° 33', the amplitude is 21°. 

59. To find the time of the sun's rising or setting — 

In this problem are given the latitude, and thence the colatitude of ship, and the 
sun's declination, which, the same as in the preceding problem, are the angle and 
perpendicular of a right-angled spherical triangle ; to find the complement of the 
base, which when the latitude and declination are of the same name, is the distance 
from the lower meridian, and therefore is the time of rising, and subtracted from 
1 2 hours gives the time of setting ; but when the latitude and declination are of 
contrary names, is the distance from the upper meridian, and therefore is the time of 
setting, and deducted from 12 hours, is the time of rising. 
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Examples. 

I. Given, latitude of ship 58° 22' N, sun's declination 18° 40' S, to find the time 
of sun's rising: and setting: ? 

With latitude 58° and declination 18° 36', being the nearest to the given quan- 
tities, the meridian distance is 3h. 50m. 

h. • m. 
Mer. dist. = 3 50, lat. and dec. of contrary names = time of setting. 
12 



8 10 = time of rising. 



2. Given, latitude of ship 36° 28' N, declination 140 20' N ; to find the time of 
sun's rising and setting ? 

h. m. 
Mer. dist. = 5 17; lat. and dec. of same name = time of rising. 
12 



6 43 = time of setting. 



60. Reduction to the meridian — 

In the figure in (33) the difference between AB and AC is the same as that 
between EC and D B, but A B = EH, and A C = D G, therefore the difference 
between E H and D G is equal to that between E C and D B. 

Table III. contains the values of these differences to the nearest tenth of a minute, 
and marked D, and corresponding perpendiculars G H and B C, to the nearest tenth 
of a degree, and maiked P. 

Hence proceeding on the same principles as Mr. Towson in his work on Ex- 
meridian Altitudes ; and first considering A the angle at the pole, and EH or E C 
the declination, take out the corresponding difference and perpendicular ; then with 
this perpendicular and the true altitude EH or E C find the corresponding dif- 
ference. 

Hence we have the following rules — 

Enter Table III. with the nearest meridian distance and declination, and take out 
D and P. The first correction D is additive when the declination and zenith are of 
contrary names, and subtract! ve when they are of the same name. 

With true Alt. and P take out D the second correction, which is always additive, 
the sum or difference of correction first and second will be the final correction, 
which being added to the true altitude, will give the meridian altitude. 

Examples. 

I. Given, the sun's true altitude 40° 56', bearing north, declination 22° 57' N, 
and the time from noon 17m. los. ; required the meridian altitude? 

o f 

Mer. dist. 17m. i2s. and dec. 23°, give D = + 3*4, P = 4°. 
True alt. 41° and P 4°, give I> = + 7*1 

Reduction = + 10 '5 

True Alt. = 40 56- 

Meridian Alt. =41 6*5 



20 REMARKS ON THE METHOD BY INSPECTION. 

2. Given, the sun's true altitude 59° 29', bearing north, declination 1° 35' S, and 
the time from noon 31m. i6s. ; required the meridian altitude? 

Mer. dist. 31m i28. and dec. 2°, give D«— i'i;P = 7°'8 
Alt. 59° 30' and P 7^ 8', give !> = + 55'9 



/ 



» 



Reduction = + 54-8 | 

True Alt. = 59 29-0 

* Meridian Alt. = 60 23*8 

Note I. — Having the meridian altitude, the latitude can be found. 

Note II. — In all the preceding problems, the quantity sought is marked at the ' 

top or bottom of the Tables, according as the quantity given is marked at the top or 
bottom of the Tables. ' ) 

Note III. — When the diflference of longitude is less than 15°; to find the course 
by inspection, it will be advisable to proceed, as in the following example — j 

.0 r o / 

Given, the ship in lat. 49 54 N, long. 16 22 W ' 

bound to 54 18 N, long. 25 19 W j 

to find the first course diff. long. 8 57 

o ; f o / o / 

Lat. destin. 54 18 + 20 = long, from vert. 54 38 Lat. 5 17 \ 

Diff. long. 857 lat. of ship 49 54 Course 43 47 

4 44 or N 4 W. j 

Here the longitude from vertex is found by looking along the line from the 
distance from vertex to the longitude from vertex, reckoned from the bottom of tlie | 

Tables, and adding the minutes above the whole degree to the latitude of destina- 
tion. For DBcoEC = AC ooAB and as far as Z A 1 5°, these differences do 
not exceed a degree. Again, when the lat. or latitude at the bottom of the Table is . 

less than 70, the course is not always to be depended on ; for in the triangle E F H, 
E H = dist. from vert., and E F = latitude are given to find Z, H = course ; but f 

when EF is less than 7°, or Z. A is greater than 83°, Z. H differ greatly; from 
Z 73° to Z. 82°, the courses to the adjacent distances from vertex have been cal- 
culated to each half-degree of angle, and placed in the columns that contain the 
meridian distance, in the other part of the Table ; thus, for latitude 8° 30' and dis- 
tance from vertex 1° 44', the course is found to be 11° 26'. 
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Table I. — Angles and Co- Angles, or, as the latter are called in Table II., Courses, 

corresponding to every Quarter Point of the Compass, 



North. 


PointB. 


Angles. 


CJoaFseB. 


Points. 


Soatfa. 








O f ff 


r tt 












O 


o o» o 


90 0- 













°l 


2 48-45 


87 11-15 


ol 










oj 


5 37'30 


84 22-30 


04 










0* 


8 26»i5 


81 33-45 


oi 






N. by E. 


N. by W. 


I 


II 15* 


78 45- 


I 


S. byE. 


S. by W. 






li 


14 3 '45 


75 56-15 


ii 










li 


i6 52*30 


73 7*30 


li 










1} 


19 4i'i5 

m 


70 18-45 


I* 






N.N.E. 


N.N.W. 


2 


22 30* 


67 30- a 


i 


S.S.E. 


S.8.W. 






2i 


25 i8*45 


64 41-15 


2* 




• 






24 


28 7'3o 


61 52-30 


^i 










2} 


30 56«i5 


59 3-45 


»i 






N.E. by N. 


N.W. by N. 


3 


33 45" 


56 15- 


3 


S.E. by S. 


S.W. by S. 






3i 


36 33-45 


53 26-15 


li 










34 


39 22-30 


50 37-30 


3* 


- 








3i 


42 11-15 


47 48-45 


31 






N.E. 


N.W. 


4 


45 o* 


45 o- 


4 


S.E. 


S.W. 






41 


47 48-45 


42 11-15 


4i 










44 


50 37-30 


39 22-30 


4i 










4| 


53 26-15 


36 33-45 


4i 






N.E. by E. 


N.W. by W. 


5 


56 15- 


33.45* 


5 


S.E. by E. 


S.W. by W. 






5i 


59 3-45 


30 56-15 


5i 










5* 


61 52*30 


28 7-30 


54 










5i 


64 4i'i5 


25 18-45 


5i 




■ 


E.N.E. 


W.N.W. 


6 


67 30- 


22 30- 


6 


E.S.E. 


W.S.W. 






6i 


70 18-45 


19 41-15 


6i 










64 


73 7'3o 


16 52-30 


6* 










6* 


75 56-15 


14 3-45 


6f 






E. by N. 


W. by N. 


7 


78 45- 


II 15- 


7 


E. by S. 


W. by S. 






71 


81 33'45. 


8 26-15 


7J 










74 


84 22-30 


5 37'30 


7i 










7f 


87 11-15 


2 48-45 


7i 






E. 


W. . 


8 


90 0- 


0- 


8 


E. 


W. 
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Table II. — ^Latitude for Sun's Alt and Mer. Dist. on Prime Vertical, 



• 




1° 


1 79° Latitude of Vert. 




Diff. Long, a° 


178° 








Alt 
















AIL 


_.. _. _ 












Mer. 
Dist 


Long, 
finom 
Vert. 




DIst. 
from 
Vert 


Dec. 
OoQne. 


Lai. 







• 


Mer. 
DUt 


Long, 
from 

Vert. 




Dtot 
from 
Vert 


Dec. 
Oonrie. 


Lat. 









H. M. 


r 


t 


f 


r 


H. X. 


H. M. 


r 


r 


f 


r 


H. K. 


o- 4 


I 


I'O 


o« I 


I* 


89 


89*0 


5-56 


0- 4 


I 


!• 


0- 2 


2' 


89 


89-0 


5*56 


o^ 8 


2 


2*0 


o« 2 


I- 


88 


88-0 


5'53 


o« 8 


2 


2' 


o- 4 


2* 


88 


88»o 


5-52 


0*I2 


3 


3-0 


0- 3 


!• 


87 


87-0 


5-48 


0'12 


3 


3- 


o» 6 


2- 


87 


87^0 


5-48 


o*i6 


4 


4*0 


o- 4 


!• 


86 


86-0 


5-44 


©•i6 


4 


4' 


o» 8 


2» 


86 


86«o 


5*44 


0*20 


5 


5»o 


0- 5 


!• 


85 


85*0 


5-40 


0«20 


5 


5- 


o-io 


2- 


85 


85*0 


5 "40 


0'24 


6 


6«o 


0* 6 


!• 


84 


84*0 


5-36 


0*24 


6 


6^ 


0-13 


1-59 


84 


84*0 


5-36 


0'28 


7 


7»o 


or 7 
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Latitude for Sun's Alt and Mer. Dist. on Prime Vertical. 
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Latitude for Sun's Alt. and Mer. Dist. on Prime Vertical. 
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Latitude for Sun's Alt. and Mer. Dist. on Prime Vertical. 
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Latitude for Sun's Alt. and Mer. Dist on Prime Vertical. 
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Latitude for Son's Alt and Mer. Dist. on Prime Vertical. 
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Latitude for Sun's Amp. and Mer. Dist. on Horizon. 



34 Spherical Tailes ; their appUcatim to Great Circle Sailing. 

Latitude for Sun's Alt and Mer. Dist on Prime Vertical. 
35^ 155^ Latitude of Vert Diff. Long. 26° 1 54^ 
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Spherical Tables ; their application to Cfreat Circle Sailing. 35 

Latitude for Sun's Alt. and Mer. Dist. on Prime Vertical. 
27° 153° Latitude of Vert. Diff. Long. 28° 152° 
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36 Spherical Tables ; their application to Ghreat Circle SaiUnff, 

Latitude for Sun's Alt and Mer. Dist. on Prime Vertical. 
29° 151° Latitude of Vert Diff. Long. 30° 150° 




61° Latitude 60*" 

Tiatitude for Sun's Amp. and Mer. Dist. on Horizon, 
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Spherical TabUa ; their application to Great Circle Sailing. 
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Latitude for Sun's Alt. and Mer. Dist. on Prime Vertical. 
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38 Spherical Tables ; their application to Qreat Circle Sailing. 



Latitude for Sun's Alt. and Mer. Dist on Prime Vertical. 
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Latitude for Sun's Amp. and Mer. Dist. on Horizon. 
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Latitude for Sun's Alt. and Mer. Dist. on Prime Vertical. 
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Latitude for Sun's Alt. and Mer. Dist. on Prime Vertical. 
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Latitude for Sun's Alt. and Mer. Dist. on Prime Vertical. 
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Latitude for Sun's Alt. and Mer. Dist on Prime Vertical. 
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Latitude for Sun's Alt and Mer. Dist. on Prime Vertical. 
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Latitude for Sun's Alt. and Mer. Dist. on Prime Vertical. 
45° 135° Latitude of Vert. Diff. Long. 46° 134' 
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Spherical Tables ; their application to Chreat Circle Sailing. 

Latitude for Sun's Alt. and Mer. Dist. on Prime Vertical. 
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46 Spherical Tables ; their application to Great Circle Sailing^. 

Latitude for Sun's Alt. and Mer. Dist. on Prime Vertical. 
49° 131° Latitude of Vert. Diff. Long. 50° 130° 





Alt. 
















Alt. 














Mer. 
l>Ut. 


Long, 
from 
Vert 




Dist. 
from 
Vert. 


Dec. 
Course. 


Lat. 









Mer. 
Dist. 


Long, 
from 
Vert. 




Dist. 
from 
Vert. 


Dec. 
Gourae. 


Lat. 







_ i 


H. M. 


t 


r 


' 


i 


H. X. 


H. M. 


' 


' 


t 


<» ' H. M. 


0. 4 


I 


©•39 


©•45 


49* 


89 


89-21 


5*57 ' 


©- 4 


I 


©•39 


0-46 


5©- © 


89 


89*2i!5*57 


o^ 8 


2 


1*19 


1-31 


48-59 


88 


88-41 


5*55 


0- 8 


2 


I-I7 


1-32 


49-59 


88 


88-435*55 


©•12 


3 


i^58 


2-l6 


48-58 


87 


88- 2 


5-52 


0-12 


3 


1-56 


2-18 


49-58 


87 


88* 45*52 


©•i6 


4 


2^38 


3- I 


48-56 


86 


87-22 


5-49 ' 


0-16 


4 


2*34 


3" 4 


49-56 


86 


87-265-50 


0-20 


5 


3-17 


3-46 


48-54 


85 


86-43 


5*47 1 


0-20 


5 


3*13 


3-5© 


49-54 


85 


86-47 5-47 


©•24- 


6 


3-57 


4*31 


48-51 


84 


86- 3 


5-44 


0-24 


6 


3*52 


4-36 


49-51 


84 


86* 8,5-45 


©•28 


7 


4-36 


5*17 


48-47 


83 


85*24 


5*42 ; 


0-28 


7 


4-31 


5*21 


49*47 


83 


85-295 42 


0*32 


8 


5^i6 


6- 2 


48-43 


82 


84-44 


5*39 1 


©-32 


8 


5-1© 


6* 7 


49*43 


82 


84-505-39 


©•36 


9 


5-56 


6-47 


48 39 


81 


84* 4 


536 ; 


0-36 


9 


5*49 


6-5349-39 


81 


84-115-37 


©•40 


10 


6-36 


7*32 


48-34 


80 


83*24 


5*34 


©-4© 


I© 


6*28 


7'39,49-34 


80 


83-325*34 


©•44 


II 


7^i6 


8-17 


48-28 


79 


82-44 


5'3i : 


0-44 


II 


7* 7 


8-2449*29 


79 


82535*32 


©•48 


12 


7-56 


9- 2 


48-22 


78 


82- 4 


5-28 , 


0-48 


12 


7*47 


9*io 


49*22 


78 


82-135*29 


©•52 


'3 


8-37 


9'4748-i6 


77 


81-23 


5*26 


0-52 


13 


8-27 


9*55 


49- 16 


77 


8i-33j5*2S 


©•56 


14 


9-17 


i©-3i 


48- 9 


76 


80 -43 


5*23 


©•56 


14 


9- 6 


i©-4' 


49* 9 


76 


8©-54i5-24 


!• 


^5 


9-58 


ii-i6 


48- I 


75 


8o- 2 


5-20 


I- 


'5 


9 46 


11*26 


49* I 


75 


80-145*21 


I* 4 


16 


10*39 


12» 


47*53 


74 


79*21 


5-17 


I- 4 


16 


10-27 


12-11 


48*53 


74 


79*335*18 


I- 8 


^7 


II^20 


12-45 


47*44 


73 


78-40 


5*15 


I- 8 


17 


II- 7 


12-5648-44 


73 


•/8-53 5-I6 


1*12 


18 


12^ 2 


13-29 


47*34 


72 


77*58 


5*12 


1-12 


18 


11-48 


13-4248-35 


72 


78-125-13 


i'i6 


19 


I2'44 


14-13 


47 24 


71 


77-16 


5* 9 


i-i6 


19 


11-29 


14*2748*25 


71 


77*3i'5-io 


I '20 


20 


i3^26 


14-58 


47*14 


70 


76-34 


5* 6 


1-20 


20 


13-10 


15-11 


48*14 


70 


76-5o|5* 7 


1^24 


21 


I4« 8 


15-42 


47* 3 


69 


75*52 


5* 3 


1-24 


21 


13-52 


15-56 


48- 3 


69 


76- 85* 5 ■ 


1*28 


22 


I4^5i 


16 '25 


46-51 


68 


75* 9 


5- I 


1-28 


22 


14-34 


16-41 


47^51 


68 


75-265* 2 


1-32 


33 


J5'34 


17- 9 


46-38 


67 


74*26 


4*58 


1-32 


23 


15*16 


17-25 


47*39 


67 


74-444*59 


i«36 


24 


i6^i7 


17*53 


46-25 


66 


73-43 


4*55 


1-36 


24 


15-58 


17* 9 


47*26 


66 


74- 2 


4-56 


i'4o 


25 


i7» I 


18-36 


46-12 


65 


72-59 


4*52 


1-40 


25 


16-41 


18-53 


47*12 


\'> 


73-19 


4*53 


1-44 


26 


17*45 


1919 


45*57 


64 


72-15 


4-49 


1-44 


26 


17-24 


19-37 


46-58 


64 


72-36 


4-50 


1^48 


27 


i8'29 


20* 2 


45*42 


63 


71-31 


4*46 


1-48 


27 


18- 8 


20-21 


46-43 


63 


71-52 


4-47 


l^52 


28 


i9'U 


20-45 


45*27 


62 


70-46 


4-43 


1-52 


28 


18-52 


21- 5 


46-27 


62 


71- 8 


4*45 


1*56 


29 


19-59 


21-28 


45-1' 


6x 


70- I 


4-40 


1-56 


29 


19-37 


21*48 


46-11 


61 


70-23 


4-42 


2^ 


30 


20 '45 


22-10 


44-54 


60 


69-15 


4-37 


2* © 


30 


20-22 


22-31 


45*54 


60 


69-38 


4-39 


2- 4 


31 


21^31 


22*52 


44-36 


59 


68-29 


4-34 


2- 4 


31 


2I» 7 


23-14 


45-37 


59 


68-53 


4-36 


2- 8 


32 


22«l8 


23-34 


44-17 


58 


67-42 


4-31 


2- 8 


32 


21-53 


23*57 


45-18 


58 


68- 7 


4*33 


2*12 


33 


23' 5 


24*16 


43-58 


57 


66 55 


4-28 


2-12 


33 


22-39 


24*40 


44-59 


57 


67-21 


4-29 


2'l6 


34 


23*52 


24-58 


43*38 


56 


66- 8 


4-25 


2-i5 


34 


23-26 


25-22 


44-39 


56 


66-34 


4*26 


2 '20 


35 


24-40 


25*39 


43-18 


55 


65-20 


4-21 


2*2© 


35 


24-14 


26* 4 


44-19 


55 


65*46 


4*23 


2-24 


36 


25-29 


26-20 


42-57 


54 


64-31 


4-18 


2-24 


36 


25- 2 


26-46|43*57 


54 


64*58 


4-20 


2-28 


37 


26'i8 


27- I 


42-35 


53 


63*42 


4-15 


2-28 


37 


25-51 


27-2743*35 


53 


64* 9 


4*17 


.2'32 


33 


27- 8 


27-41 


42-12 


52 


62-52 


4-II 


2-32 


38 


26-40 


28- 843-12 


52 


63-20 


413 


2'36 


39 


27-59 


28-21 


41*48 


51 


62- I 


4* 8 


2-36 


39 


27-30 


28-4942-48 


51 


62-30 


4-10 


2^4© 


40 


28-50 


29- I 


41-23 


50 


61-10 


4* 5 


2-40 


40 


28-21 


29-30|42-24 


50 


61-39 


4* 7 


2-44 


41 


29*42 


29*4^ 


40-58 


49 


6o-i8 


4* I 


2-44 


41 


29-12 


30-1041*58 


49 


60-48 


4- 3 


2*48 


42 


30-34 30«2o:40-32 


48 


59-26 


3-58 


2-48 


42 


30- 4 


3©*504i-32 


48 


59*56 


4* 


2*52 


43 


3i'273o-594©- 5 


47 


58-33 


3*54 


2-52 


43 


30-56 


31-3041- 5 


47 


59* 4 


3*56 


3*56 


44 


32-21 31-37 


39*37 


46 


57*39 


3*51 


2-56 


44 


31-50 


32- 940*36 


46 


58-10 


3*53 


3- 


45 


33'i632-i5 


39- 8 


45 


56-44 


3*47 


3* 


45 


32-44 


32-48,40- 7 


45 


57-16 


3*49 


3' 4 


46 


34-12, 32-53j38-38 


44 


55*48 


3*43 


3* 4 


46 


53*39 


33*26 


39*37 


44 


56-21 


3*45 


3- 8 


47 


35- 833:3038- 7 


43 


54-52 


3*39 


3- 8 


47 


34*35 


34* 4 


39* 6 


43 


55*25 


3-42 


3-12 


48 


36- 5i34- 737*35 


42 


53-55 


3*36 


3-12 


48 


35*3^ 


34*42 


3«-34 


42 


54*29 


3*38 


3*i6 


49 


37' 3 34-43, 37* 2 


41 


52*57 


3*32 


3-16 


49 


36-29!35-i9|38- i 


41 


53*31 


3*34 


3 '20 


50 


38- I ?5*i9i36-29 


40 ;5i*59 


3-28 


J -20 


50 


37*27i35*56;37*27 


40 


52-33 


3-30 


y'i\ 


51 


39- 135*5535-54 


39 ,50*59 


J-24 


3-24 


51 


38-2736-32 


36-52 


39 


51*33 


3*26 


3*28 


52 


40» © 


36-30 


35-18 


38 

Dist 
from 
Vert. 


5©- © 


3-20 


3-28 


52 


39-2736* 8 


36-16 


38 

Dist, 
from 
Vert. 


50*33 


3*22 






Lat. 


CouiBe. 


Long, 
from 
Vert. 


Mer. 
Dist. 






Lat. 


Course. 


Long, 
from 
Vert. 


Mer. 
Dist. 






I 






Alt 
















Alt. 





41° Latitude 40° 

Latitude for Sun's Amp. and Mer. Dist. on Hcrizon. 



Splterical TahleB ; their application to Chreat Circle Sailing, 

Latitude for Sua'iJ Alt. and Mer. Dist. on Prime Vertical. 
5i«> 129^ Latitude of Vert. Diff. Long. 52^ 128** 
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39«> Latitude 38^ 

Latitude for Sun's Amp. and Mer. Dist. on Horizon. 
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Spherical Tables ; their application to Chreat Circle Sailmg. 

Latitude for Sun's Alt. and Mer. Dist on Prime Vertical. 
53^ 127® Latitude of Vert. Diff. Long. 54° 126® 
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Spherical Tables; their application to Chreat Circle SaHmg. 

Latitude for Sun's Alt and Mer. Dist. on Prime Vertical. 
55^ 125® Latitude of Vert. Diff. Long. 56® 124° 
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Spherical Talks; their application to Great Circle Sailing. 

Latitude for Sun's Alt. and Mer. Dist. on Prime Vertical. 
57° 123*^ Latitude of Vert. Diff. Long. 5 8 ^^ 
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Latitude for Sun's Alt. and Mer. Dist. on Prime Vertical. 
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Latitude for Sun's Alt. and Mer. Dist. on Prime Vertical. 
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29° Latitude 28° 

Latitude for Sun's Amp. and Mer. Dist. on Horizon. 
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Latitude for Sun's Alt and Mer. Dist. on Prime Vertical. 
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Latitude for Sun's Alt. and Mer. Dist on Prime Vertical. 
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Latitude for Sun's Amp. and Mer. Dist. on Horizon. 
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Latitude for Sun's Alt. and Mer. Dist. on Prime Vertical. 
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Spherical Tables ; their application to Chreai Circle Sailing, 
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Spherical Talks ; their application to Great Circle Sailing. 
71° 109^ Latitude of Vert. Diff. Long. 73° 108° 
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.Latitude for Sun's Amp. and Mer. Dist. on Horizon. 
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